ABSTRACT The objective of this experiment was to determine the effect of sodium chloride concentration on yield, instrumental quality, and sensory acceptability of broiler breast meat that was vacuum tumbled with a 15% solution (over green weight) for 30 min. Different concentrations (0, 0.25, 0.50, 0.75, 1.00, 1.25, and 1.50%) of NaCl (salt) and 0.35% sodium tripolyphosphate were included in the marinade solution. After marinating, breast fillets were evaluated for marination yields, pH, surface color, cooking loss, tenderness, expressible moisture, proximate composition, purge loss, sodium content, and sensory acceptability. As salt concentration increased, CIE L* decreased linearly, with a concentration of 0.75% having lower (P < 0.05) CIE L* values when compared with the control, 0, and 0.25% NaCl treatments. In addition, there was a linear and quadratic decrease (P < 0.05) in shear force as salt concentration increased, with no further decrease (P < 0.05) when greater than 0.75% NaCl was used. Cooking yield increased (P < 0.05) as the salt concentration increased to 1.0%. All marinated treatments were preferred (P < 0.05) over the control treatment, and all treatments marinated with at least 0.50% sodium chloride had an average rating of like moderately. Cluster analysis indicated that consumer groups varied in their preference of broiler breast meat treatments and that samples that were marinated with between 0.5 to 1.0% NaCl were acceptable to the majority of consumers. Marination with 0.75% NaCl was sufficient to maximize yields and decrease lightness (L*) in vacuumtumbled, marinated broiler breast that is sold raw, but 1.0% NaCl could be used in a precooked product because it minimizes cook loss. In addition, use of 0.50% NaCl had minimal effects on yields, color, and sensory acceptability when compared with products that were marinated with greater concentrations of NaCl.
INTRODUCTION
, the per capita consumption of retail poultry meat has increased from 35.2 kg (77.4 lb) to 38.1 kg (83.9 lb) in the United States (ERS/USDA, 2010), and breast meat is currently considered the most valuable component of the broiler carcass (Saha et al., 2009) . Many processors are interested in maximizing yield and production efficiency in their products, with the aim of improving quality and maintaining uniformity of their products while improving profitability. Broiler breast meat is commonly marinated with salt and phosphate to increase yields and ensure that the meat is tender and juicy regardless of how the consumer prepares and cooks the product (Lyon et al., 2005; Alvarado and McKee, 2007; Saha et al., 2009) . However, with the impetus to reduce sodium in the diet, there is a need to minimize salt percentage (Ruusunen and Puolanne, 2005; Desmond, 2006) , while still effectively increasing yields and producing tender and juicy meat.
Sodium chloride is a natural flavor enhancer that improves the taste and aroma of meat products (Schilling et al., 2008) . The action of salt and sodium or potassium phosphates in a marinade solution is likely due to the contribution of negative charges from the chloride ions in salt to the myofibrillar (actin and myosin) proteins in the muscle. (Offer and Trinick, 1983; Smith and Young, 2005) . Myofibrillar proteins are the most important functional proteins associated with meat quality and water-holding capacity (WHC). Various researchers have reported that the use of phosphates in combination with salt (NaCl) improves yields in whole muscle, comminuted, and restructured products (Cannon et al., 1993; Sutton et al., 1997; Young and Lyon, 1997; Baublits et al., 2006; Kin et al., 2009) . Previous researchers have studied the importance of phosphate type and concentration, with or without sodium chloride inclusion, on chicken meat quality and sensory characteristics (Xiong and Kupski, 1999a,b) . These researchers reported that phosphate works synergistically with salt to improve yields in poultry meat. Saha et al. (2009) reported increased consumer acceptance in breast fillets that were enhanced with various sodium chloride concentrations and a phosphate concentration of 0.45%. These authors reported that greater than 80% of consumers liked (hedonic scale ≥6) the texture of the marinated fillets, which was in agreement with instrumental analysis that indicated a decrease in shear force as sodium chloride concentration was increased in the marinade solution.
Previous studies have provided valuable information pertaining to marinating with sodium chloride and phosphates with respect to sensory quality. However, there is a need to observe the performance of specific phosphate products and its effect in combination with various sodium chloride concentrations to determine the sodium chloride threshold that is needed to meet specific product applications with respect to yields, flavor, tenderness, and consumer acceptability of muscle foods, including poultry breast meat. Therefore, the objective of this study was to determine the effect of various sodium chloride concentrations in combination with sodium tripolyphosphate on WHC, color, tenderness, proximate composition, and sensory acceptability of marinated broiler breast fillets as well as to determine the minimum amount of salt that could be used to produce commercial chicken breast meat that has acceptable quality and is preferred by consumers.
MATERIALS AND METHODS

Marinating Process
Broiler breast meat (0.19-0.25 kg per fillet) was obtained after deboning (4 h postmortem) from a commercial poultry processing plant on the day of harvest and stored on ice in coolers until arrival at the Mississippi State University meat laboratory. Samples were then stored at 2°C and marinated within 24 h. Marination treatments consisted of 11.3-kg batches of broiler breast meat that were vacuum tumbled (20 mmHg; 18 rpm) for 30 min in a cooler at 2°C with a 15% marinade solution (based on meat weight). Marinade formulations included various concentrations of NaCl (salt; Culinox 999, Morton Salt, New York, NY), 0.35% sodium tripolyphosphate (STPnew; B.K. Giulini Corp., Simi Valley, CA; finished-product basis), and water. The STPnew was included in the final product formulation at 0.35% because several poultry processors in the southeastern region of the United States indicated that they use between 0.3 and 0.4% STP in their formulation on a finished-product basis. The salt concentrations were 0, 0.25, 0.50, 0.75, 1.00, 1.25, and 1.50% on a finished-product basis. The control group (no ingredients) was not marinated with salt or phosphate, and the order of tumbling (treatment production) was randomly determined. Between each treatment, the vacuum tumbler was cleaned, rinsed with water, and cooled to 2°C. After marinating, fillets were either placed on polyethylene trays (PLS3-100Y, Cryovac, Duncan, SC) and overwrapped with stretch film (SD-310, O 2 transmission rate = 13,500 mL/d per m 2 per atm, water vapor transmission rate = 38.6 mL/m 2 per day; Cryovac) or vacuum packaged (super L bag, Cryovac) and stored at 2°C for 1 to 3 d and −23°C for 7to 9 d, respectively, for further evaluation. The overwrapped samples were used to determine pH, color, proximate analysis, and consumer acceptability, and the frozen samples were thawed out for 24 h before analysis and analyzed for cooking loss, Warner-Bratzler shear force, expressible moisture, and sodium content. This experiment was replicated in triplicate. Each replication was performed in subsequent months.
Solution Pickup
After vacuum tumbling, broiler breast meat was removed from the tumbler and reweighed. Solution pickup was recorded as the difference in weight of the chicken breast meat before and after tumbling, reported as a percentage and calculated as follows:
[(Chicken breast meat after tumbling) − (chicken breast meat weight before tumbling)/ (chicken breast meat weight before tumbling)] × 100.
pH
Instrumental pH measurements were taken 24 h after marinating on breast fillets (n = 12) within each treatment for each replication by using a pH meter (Accumet Portable AP 6, Fisher Scientific) with a meatpenetrating pH probe (model 05998-20, Cole Palmer, Vernon Hills, IL). The meat-penetrating probe was inserted 2.5 cm below the pectoralis major muscle at approximately 2.5 cm from the top of the breast and 2.5 cm from the breast bone.
Instrumental Color
Instrumental color measurements were taken for the breast fillets (n = 12) that were used for pH measurements. Three measurements were taken on the top side of each breast fillet using a chroma meter (Chromameter model CR-400, Konica Minolta, Osaka, Japan) that was calibrated before testing with a standard Minolta calibration plate (White calibration plate, no. 18433006). The 3 color values for each sample were averaged and expressed using the CIE scale for lightness (L*), redness (a*), and yellowness (b*).
Cooking Loss
Cooking loss was determined by cooking breast fillets (n = 12) within each treatment for each replication. Prior to cooking, the frozen (−23°C) samples were thawed at 2°C overnight. Breast fillets were baked in an oven at 177°C (JBP25DOJ2WH, General Electric, Louisville, KY) to a final internal temperature of 77°C. The internal temperatures of chicken breast fillets were determined using meat thermometers (78631, Farberware, Westbury, NY) that were inserted in the thickest portion of each breast sample. Cooked breast fillets were removed and cooled to ambient temperature, and residual moisture was removed from each fillet with a paper towel before reweighing. Cooking loss was reported as a percentage and calculated as follows: % cook loss = [(raw weight − cooked weight)/ (raw weight)] × 100.
Tenderness
Tenderness was measured following a procedure similar to those described by Young and Lyon (1997) , Meek et al. (2000) , and Schilling et al. (2010) . Breast fillets that were used for cooking loss determinations were used for shear force determinations (n = 12 for each treatment within each replication). Six adjacent 1 cm (width) × 1 cm (thickness) × 2 cm (length) strips were cut from the cooked breast fillets, parallel to the direction of the muscle fibers. Each strip was sheared once and the mean was calculated for each breast. Samples were sheared perpendicular to the muscle fibers using a Warner-Bratzler shear apparatus that was attached to an Instron Universal Testing Machine (model 3300, Instron, Norwood, MA), using a 50-kg load transducer and a cross speed of 200 mm/min. Shear force (N) was reported as the maximum peak force required to shear through each sample.
Expressible Moisture
Breast fillets (n = 8) from each treatment were cooked using the same method described for cooking loss and cooled to ambient temperature (20°C). After cooling, two 2-cm cubes were cut from each fillet. Cubes were individually weighed before evaluation and then transferred between filter paper (Whatman #1, 12.5-cm diameter), with 2 pieces of filter paper applied on both the top and bottom of the samples to absorb expressed moisture. Cubes were compressed at a cross speed of 200 mm/min to 75% deformation and held for 15 s using an Instron Universal Testing Machine (model 3300, Instron). After removing the force, the cubes were reweighed. Expressible moisture was reported as a percentage: [(initial weight − final weight)/initial weight] × 100.
Proximate Analysis
Breast meat (n = 3) samples within each treatment and replication were used to determine fat, protein, and moisture percentage using a near-infrared spectrometer (Food Scan Lab Analyzer model 78800, Foss Analytical, Eden Prairie, MN) that is AOAC approved (AOAC, 2007) . Fresh samples were ground (Cabelas PRO 450, Sidney, NE) and fitted in a 3-mm (1/8 in) grinder plate. Ground samples were packed tightly in a 140-mm sample cup before analysis.
Sodium Content Analysis
Samples from each treatment (n = 1 per treatment, for each replication) were collected and ground through a 3-mm plate (Cabelas PRO 450, Sidney, NE). The samples were vacuum packaged (Turbovac 320-ST-S, HFE Vacuum System, Hertogenbosch, Netherlands; Super L bag, Cryovac), frozen (−23°C), and sent to the Mississippi State Chemical Laboratory. The meat samples were ashed (AOAC, 1999; 39.1.09, 32.1.05, and 923.03 methods) and then dissolved in HCl and distilled water. Sodium concentration was determined using ion exchange chromatography (Dionex ICS/2100, Ion Chromatography, IonPac CS 16 Column).
Sensory Evaluation
The sensory objective of this experiment was for consumers of baked chicken breast to evaluate broiler breast meat samples that were marinated with various concentrations of sodium chloride for overall acceptability and acceptability of appearance, aroma, texture, and flavor. Three consumer-based sensory panels (n = 180 total panelists) were conducted because the experimental design of the study was such that broiler breast meat was obtained on 3 separate occasions in 3 different months and vacuum tumbled with 8 different marination treatments. The control, 0.25, 0.5, 0.75, 1.0, and 1.25% NaCl treatments were chosen for sensory analysis because these 6 treatments are the ones that would most likely be sold commercially. Broiler breast meat samples were stored for 3 d at 2°C before sensory testing. Meat thermometers were inserted in the thickest portion of each breast sample and baked in an oven at 177°C (JBP25DOJ2WH, General Electric, Louisville, KY) to an internal temperature of 77°C. Cooked breasts fillets were cooled at room temperature for 15 min, cut into 2.5 × 2.5 × 2.5 cm cubes, and kept warm (60 to 70°C) in 7.6-L chafer dishes (53042, Polarware Co., Kiel, WI) until panelists evaluated the samples. Random 3-digit numbers were assigned to identify the samples. Sample order was randomized to account for sampling order bias, and samples were presented in a monadic sequential serving order. Water and unsalted crackers were provided, and panelists were asked to expectorate and rinse their mouths between each sample.
Each panelist was asked to evaluate 6 coded chicken samples representing the treatments chosen for appearance, aroma, texture, flavor, and overall acceptability, using a 9-point hedonic scale, in which 1 = dislike extremely, 5 = neither like nor dislike, and 9 = like extremely (Peryam and Pilgrim 1957; Meilgaard et al., 2007) .
Statistical Analysis
A randomized complete block design (replications as blocks) with 3 replications was used to test the effect of salt concentration (P < 0.05) in combination with STPnew on chicken breast meat quality characteristics and sensory acceptability (SAS version 9.2, SAS Institute, 2004). When significant differences occurred (P < 0.05) among treatments, the Duncan's multiple-range test was used to separate treatment means. Because minimal variability was present among replication in the sensory testing [P > 0.60 for the replication (blocking factor)], the 3 replications were pooled together and evaluated as a randomized complete block design with panelists (n = 180) as the block, according to Meilgaard et al. (2007) .
For overall acceptability data, agglomerative hierarchical clustering using Wards method (XLSTAT version 2006, Addinsoft USA, New York, NY) was performed to group panelists according to their preference and acceptability ratings of broiler breast meat from different marination treatments. After separation into clusters, the entire data set was evaluated to confirm that the data for each panelist was relatively close to the means of the treatments within the cluster where they were grouped. Randomized complete block designs were used to differentiate (P < 0.05) among treatments within each cluster. When significant differences occurred (P < 0.05) among treatments, the Duncan's multiple-range test was used to separate treatment means within each consumer cluster.
RESULTS AND DISCUSSION
Solution Pickup
No differences existed (P > 0.05) among treatments with respect to marinade pickup percentage (12.1-12.8%). When vacuum tumbling is used, pickup generally increases as salt concentration increases. However, because salt functions synergistically with phosphates and the same concentration of STP was used for all of the treatments, the STP may have created more space in between muscle fibers for water to be held, which could have contributed to the lack of difference in pickup among treatments. In the current study, pH values were approximately 5.8 in marinated and nonmarinated broiler breast meat ( Table 1 ). Lack of difference in pH is likely one reason that marinade pickup percentage did not differ among treatments. Kin et al. (2009) studied the effect of phosphate type on the quality of vacuumtumbled catfish fillets. These researchers reported that marinade pickup was predominantly dependent upon pH, and that the lack of differences among treatments may have occurred because of the elevated pH of the catfish fillets before marinating. Therefore, results indicate that use of 0.25 to 1.5% NaCl could be used in vacuum tumble marinating without affecting marinade pickup with a 15% marinade solution.
pH
There were no differences in pH among chicken breast fillets (P > 0.05) that were enhanced with varying salt concentrations. Conventionally, commercial marinade solutions that consist of water, salt, and phosphates have been used to improve meat quality characteristics, including pH. In the current study, the pH values of the control and enhanced chicken breast fillets were in the range of 5.79 to 5.89 (Table 1) . The results of our study were similar to those reported by Woelfel Bianchi et al., 2005) . Therefore, the pH values before marinating and the small percentage of phosphate that was added in the brine solution may minimize the pH effect of phosphate. Since the predominant form of phosphate for buffering capacity is orthophosphate, the use of a tripolyphosphate would not be expected to promote a significant change in marinade pH or marinated muscle pH, even though it is an alkaline phosphate, and may explain the lack of difference in pH between the control and marination treatments.
Instrumental Color
In the current study, lightness (CIE L*) decreased linearly (P < 0.05) when sodium chloride concentration increased in the marinade solution. The decrease in lightness in this experiment may be explained by the increase in ionic strength, which improves the ability of the muscle proteins to bind water. By binding more water, there is less water to reflect light, resulting in less visual lightness of the muscle (Miller, 1998) . Moreover, marinating with 0.75% NaCl had a significant decrease in CIE L* (P < 0.05) when compared with the control, and the linear decrease in CIE L* continued all the way to 1.5% NaCl. This indicates that at least 0.75% NaCl is needed to improve broiler breast color when marinating in a vacuum-tumbling system. Raw chicken breast fillets from all treatments did not differ (P > 0.05) with respect to color values of redness (CIE a*; Table1). In this study, the lack of differences in redness may have occurred due to the minimal differences in pH ( Table 1 ). The major contributor to poultry meat color is myoglobin content, and its heme-iron concentrations and reactions are associated with pH (Kieffer et al., 2000) . In addition, muscle pH affects WHC of the proteins and, therefore, affects light-reflecting properties. Yellowness (CIE b*) was lower (P < 0.05) in the marinated treatments when compared with the control, but minimal practical differences existed in CIE b* between marination treatments, with average values ranging from 5.5 to 6.7.
Cooking Loss
Cooking loss decreased linearly (P < 0.05) as NaCl concentration increased from 0 to 1.0% (Table 2) , and no differences existed (P > 0.05) between broiler breast samples that were marinated with 1.0, 1.25, and 1.5% NaCl. This demonstrates that increasing NaCl concentration up to 1.0% increased moisture retention in chicken breast meat during the cooking process. In addition, the 0.35% STPnew treatment with 0% NaCl had greater (P < 0.05) cooking loss than the control treatment. This is likely due to a low ionic strength and the inability to solubilize myofibrillar proteins without salt, which prevents the subsequent increase in water binding sites in the proteins that occurs when sodium chloride is present. Phosphate alone did not effectively improve cooking yield and WHC (P > 0.05) when compared with the nonmarinated control with no additional water added (Table 2) .
Previous researchers have reported decreased cooking loss in marinated chicken breast fillets. Young and Lyon (1997) reported cook loss values between 13.8% for a salt-marinated control (1.5%) and 9.7% for a salt a-e Means within a column with different superscripts are significantly different (P < 0.05). 1 Expressible moisture, n = 24 per treatment. n = 8 subsamples per treatment (t = 8) for each replication (r = 3).
2 Cooking loss, cooking yield based on green weight, and shear force: n = 12 subsamples per treatment (t = 8) for each replication (r = 3).
3 STP = sodium tripolyphosphate.
and phosphate-marinated fillet (1.5% NaCl and 0.4% STP), whereas Carroll et al. (2007) reported 14.1% cook loss after marinating with 1.5% NaCl and 0.45% STP. Moreover, all marinated treatments in this experiment improved cooking yield based on green weight when compared with the control. As salt concentration increased from 0 to 0.75%, there was a linear increase in cook yields (Table 2) based on green weight, and no differences existed (P > 0.05) in cooking yields between broiler breast fillets that were marinated with 0.75, 1.0, 1.25, and 1.5% NaCl. Therefore, 0.75% NaCl in combination with 0.35% STPnew is sufficient to increase yields of broiler breast fillets through vacuum tumbling. However, even though no difference existed (P > 0.05) between the 0.75 and 1.0% NaCl treatments with respect to cooking loss, marinating with 1.0% NaCl had 2.0% greater yield, based on green weight, than the 0.75% NaCl treatment. This indicated that the use of 1.0% salt minimizes cooking loss, thus making it a desirable formulation in fresh, flash-frozen, or precooked food service products.
Tenderness
Shear force decreased (P < 0.05) in broiler breast meat as NaCl increased from 0 to 0.75% (Table 2) but did not differ among treatments as NaCl concentration increased from 0.75 to 1.5%, thus demonstrating a significant linear and quadratic trend (P < 0.05). In addition, broiler breast meat that was marinated with various salt concentrations in combination with STPnew had lower (P < 0.05) shear force values when compared with the control. Previous studies have indicated that marinating with salt and STP effectively tenderizes broiler meat and produces a consistent product (Young and Lyon, 1997; Saha et al., 2009) . Saha et al. (2009) previously reported that marinades consisting of 0.50, 0.75, 1.00, and 1.25% NaCl, in combination with 0.45% STP, increased the tenderness of broiler breast fillets, with Meullenet-Owens razor shear analysis values decreasing as salt concentration increased. This occurred because the addition of salt (NaCl) contributes to an increase in ion strength due the interaction of Cl − ions with the positively charged myosin molecules, inducing swelling of the proteins and therefore an improvement in their water-binding ability and texture (Offer and Trinick, 1983; Miller, 1998; Rongrong et al., 2000) . Furthermore, shear force mean values for all the treatments were in the range of 12.1 to 17.9 N. Since all marinated samples were sufficiently tender, all samples would be highly acceptable to consumers with respect to tenderness (Schilling et al., 2003) .
Expressible Moisture
Expressible moisture is defined as the release of free water from a protein system after the application of force (Parks et al., 2000) . Values for expressible moisture in this study ranged between 10.6 and 14.8%. Previous research has indicated that tumbling marination without vacuum but with moderately high salt and phosphate concentrations resulted in higher moisture retention of broiler breast fillets after 24 h, when compared with the control treatment (Xiong and Kupski, 1999b) . In this study, all chicken breast meat treated with salt and phosphate had less expressible moisture (P < 0.05) than chicken breast from the nonmarinated control group (Table 2) . Regardless of the level of salt incorporated in the marinade solutions, all treatments exhibited similar expressible moisture values, indicating that the inclusion of phosphate and NaCl improved WHC, but that the amount of NaCl had minimal effects on the amount of free water in the product. However, there was a linear decrease (P < 0.05) in expressible moisture as NaCl concentration increased, and values indicate that expressible moisture was consistent from 0.5 to 1.50% NaCl.
Proximate Composition
No differences existed (P > 0.05) among treatments with respect to fat percentage. Protein percentage was less (P < 0.05) in the marinated products when compared with the control product, which is predominantly due to the 12% pickup of marinade in the product (Table 3) . Similarly, moisture percentage was greater (P < 0.05) in the marinated products when compared with the control, with the exception of the 1.25 and 1.5% NaCl treatments. For the marinated treatments, protein percentage showed a slight linear decrease (P < 0.05) and NaCl percentage increased (P < 0.05) due to higher concentrations of sodium. In addition, when NaCl concentration increased past 0.5%, moisture percentage began to decrease linearly, which is predominantly due to the increase in sodium and decrease in water in the 15% brine solution as NaCl concentration increased in the product (Table 3) . As expected, sodium content increased linearly (P < 0.05) as NaCl concentration increased, with the 1.50% NaCl and STPnew treatment having the highest sodium content (6620.8 ppm) and the control containing the lowest amount of sodium (502.0 ppm) (Table 3 ). These concentrations are very close to the calculated sodium concentrations that should be present based on the percentages of NaCl and STPnew that were used in the marinade formulations (Table 3) .
Sensory Evaluation
On average, marinated broiler breasts were preferred (P < 0.05) over nonmarinated control breasts with respect to aroma, texture, flavor, and overall acceptability (Table 4) . On average, the scores from chicken breast meat that was marinated with NaCl (0.25, 0.50, 0.75, 1.00, and 1.25%) and STPnew were in the range of "like slightly" to "like moderately", whereas the nonmarinated treatment (control) was in the range of "neither like or dislike" to "like slightly" for all attributes (Table 4) . Saha et al. (2009) also reported greater consumer overall impression when chicken fillets where enhanced with salt (0.5, 0.75, 1.0, and 1.25%) and phosphate in comparison with a nonenhanced control treatment. Results indicate that on average, marinating with 0.5% NaCl was effective at producing broiler breast meat with acceptable sensory properties. The results of this study agree with previous research that suggests that marinating improves consumer perception of poultry meat tenderness and acceptability (Saha et al., 2009 ). Sodium chloride is very important to both the taste and aroma of meat products. The sodium in salt binds to protein receptors to impart a salty taste and works synergistically with the food matrix to enhance sensory characteristics in meat (savory and meaty flavor). Additionally, salt is effective at releasing volatile aroma compounds from the food matrix due to the change in osmotic pressure, which makes the volatile compounds less soluble within the food matrix (Schilling et al., 2008 ). In the current study, there were differences (P < 0.05) among treatments with respect to flavor acceptability. Samples from marinated chicken breast meat with salt and phosphate had higher acceptability when compared with the control, regardless of salt concentration (Table 4) . However, the samples corresponding to 0.75, 1.00, and 1.25% salt concentrations had greater average flavor acceptability scores than all other treatments, with the exception of the 0.50% NaCl treatment. In a previous study, Saha et al. (2009) used hedonic and Just-As-Right sensory scales to determine suitability of meat flavor, and reported that overall flavor Just-AsRight mean values increased with the increasing salt concentrations (0.5, 0.75, and 1.0%), which was in accordance with the hedonic 9-point scale distributions where the majority of the panelists liked (hedonic scale rating ≥6 or like slightly) samples that were marinated with 0.5, 0.75, and 1.0% NaCl when compared with the control.
Cluster analysis was performed and a dissimilarity plot was used to group consumers into 6 clusters based on preference and liking of samples from each treatment ( Table 5 ). The largest cluster (1) consisted of 26.3% of the panelists, and all treatments were rated "like moderately to like very much" by these consumers, with the 1 Fat, protein, and moisture, n = 3 per treatment (t = 8) for each replication (r = 3); sodium, n = 1 per treatment (n = 8) for each replication (r = 3).
2 Sodium concentration was calculated based on the amount of sodium tripolyphosphate (STP) and sodium chloride added to the chicken breast in each marinade. Therefore, no statistical analysis was conducted for this data. 1Hedonic scale was based on a 9-point scale (1 = dislike extremely, 5 = neither like nor dislike, and 9 = like extremely). 2 STP = sodium tripolyphosphate.
exception of the control treatment. In addition, broiler breast meat from the 0.75, 1.0, and 1.25% NaCl treatments were more acceptable (P < 0.05) than broiler breast meat from the 0.25 and 0.5% treatments. Cluster 2 (17.1%) had a high degree of liking ("like slightly" to "like very much") for all treatments but preferred (P < 0.05) chicken breast meat that was enhanced with any salt concentration over the control treatment and preferred (P < 0.05) the 1.0% NaCl treatment over the 1.25% NaCl treatment. Cluster 3 was the second largest (21.1%) cluster. These panelists liked all samples in the range of "like slightly" to "like moderately, but preferred (P < 0.05) chicken breast meat that was enhanced with 0.50% NaCl over all other treatments, with the exception of the 0.75 and 1.25% NaCl treatments. For clusters 4 (6.9%) and 6 (7.4%), treatment means were not separated due to a small number of panelists in each of these clusters. For cluster 4, the average acceptability score increased until 1.0% NaCl was used, indicating that these panelists liked samples with salt but did not like samples that were too salty (1.25% NaCl). Clusters 5 (12.6%) and 6 (7.4%) were very similar, with the exception that the control and 0.25% NaCl treatments were liked more by cluster 6 panelists than cluster 5 panelists. Panelists in both of these groups liked the 1.25% NaCl treatment more than all other treatments, with the exception of the 1.0% NaCl treatment. This indicates that these 2 clusters like samples with higher salt concentrations and that these panelists may be sensitive to small differences in flavor or saltiness. Cluster analysis also revealed the following information about the 91% of the panelists who liked the baked chicken breast samples served in the study. Approximately 50% of the panelists liked the control between like slightly and moderately and 50% of the panelists did not like the control. For the 0.25% NaCl treatment, approximately 40% of the panelists liked this treatment at least like moderately and approximately 75% of the panelists liked this treatment slightly or better. For the 0.5% treatment, approximately 70% of the panelists liked this treatment moderately or more, and 100% of the panelists liked this treatment at least slightly. For the 0.75% treatment, approximately 60% of the panelists liked this treatment moderately or more, and 80% of the panelists liked this treatment at least slightly. For the 1.0% treatment, approximately 60% of the panelists liked this treatment moderately or more, and 100% of the panelists liked this treatment at least slightly. For the 1.25% treatment, approximately 90% of the panelists liked this treatment moderately or more, and 100% of the panelists liked this treatment at least slightly. These results indicate that all samples that were marinated with at least 0.5% NaCl were highly acceptable to a majority of consumers. However, marinating broiler breast meat with 1.25% NaCl produced chicken breast meat that was highly acceptable to the greatest number of consumers, and increasing NaCl concentration above 0.50% increased acceptability scores in some consumer clusters. Saha et al. (2009) also reported that approximately 88% of panelists liked (hedonic scale rating ≥6) marinated fillets over the nonenhanced fillets, irrespective of their salt concentration.
Results obtained from the current study suggest that relatively low salt concentrations (0.50-1.00%) in combination with sodium tripolyphosphate (0.35% STPnew) may improve quality of fresh poultry meat that has been enhanced by vacuum tumbling without compromising flavor and texture. Adding 0.50% NaCl increased product acceptability ratings for a large number of consumers, but is less salt than what is often used in marinated broiler breast that is sold commercially. Use of 0.75% NaCl decreased lightness, which is often considered an improvement in color. In addition, the treatments with 1.0 and 1.25% NaCl decreased cooking loss and were acceptable to the largest number of consumers. 
